The path leading from lighting quality through preference and mood to human health and well-being was defined as the 'Appraisal Path' by Veitch et al. (2008). This study aims to investigate the appraisal path under uncontrolled cafes, and to compare the results between daylit and non-daylit cases as well as the cultural differences between the UK and South Korea. A daylit café and a nondaylit café were chosen for the field survey both in London and Seoul. Then, customers' experiences and feelings in the cafes were investigated by using a customized questionnaire, in terms of quality of lighting, feelings, attractiveness, satisfaction and eye discomfort. 66 customers (49 for daylit, 17 for non-daylit) were randomly selected and questioned in London and 102 customers (62 for daylit, 40 for non-daylit) participated in the field survey in Seoul. As a result, four different appraisal paths were found. No significant relationship was found between perceived lighting quality and perceived eye discomfort at daylit cafes in both London and Seoul. On the other hand, it was found that perceived lighting quality was a key determinant factor on perceived eye discomfort regardless of the cultural differences at non-daylit cafes. However, there was a significant cultural difference in factors affecting perceived lighting quality.
Introduction
Lighting is often regarded as one of the highest consumers of electricity in buildings [1] and therefore it is important for energy-efficient building design to displace the need for electricity used in indoor lighting. However, sustainable approaches should not only focus on environmental and economic benefits but also on social benefits such as enhancing occupants' comfort and health as well as improving the overall quality of life [2] . Since the late 1990's, the CIE (Commission Internationale de l'Éclairage) has shifted its emphasis from lighting for visibility to a more broad definition of lighting quality, encompassing human needs, architectural integration and economic constraints including However, it seems as if an understanding of the effects of indoor lighting quality on occupants' various behaviour that leads to health and well-being is still vague. In particular, questions remain as to the possibility that lighting conditions might be further improved beyond the visual task recommendation level to the point at which they could become positive contributors to employee productivity, mood and well-being [8] .
Several investigations have pointed out the effects of light distribution and the availability of individual control on human behavioural outcomes. In terms of lighting distribution, several studies have suggested that the use of both direct and indirect lighting were preferred over direct-only systems [9, 10, 11] . Surveys consistently reported a preference for individual control of indoor environmental elements and the positive effects in the work environment on both energy consumption and office workers' moods. For example, with regard to HVAC studies, Fisk and Almeida [12] reported that sensor-based demand-controlled ventilation (SBDCV) offered better control of indoor pollutant concentrations, and lower energy use. Several studies from Singapore and Denmark indicated that a personalised ventilation (PV) system not only reduced total energy consumption but also provided better thermal comfort [13, 14, 15] .
In terms of lighting research, Boyce et al. [9] found that individually controllable lighting conditions were rated as more comfortable by a larger percentage of people than conventional fixed conditions. However, Veitch and Newsham [16] reported no simple effects of individual control over lighting on task performance, mood, or satisfaction. Later, they reanalysed the data from participants without control and found that people whose working conditions were more close to their personal preference showed improved mood and higher ratings of lighting satisfaction and overall environmental satisfaction [17] .
Based on the literature, it seems that although changes in some components of the lit environment affect occupants' or employees' behaviours, the path from the lit environments to employees' behavioural outputs is not clear compared to other elements of indoor environmental quality. It is argued that there have been only a few formal attempts to develop relevant analytical descriptions of a linkage between the physical variables of the lit environment and various human behavioural outcomes [18] .
One attempt to link the lit environment and the psychological effects of light and lighting was the introduction of the linked mechanisms map. The concept of the linked mechanisms map was introduced as a well-conducted research tool that aims to provide practical guidance on developing such linkages. Boyce et al.
[9] conducted a field simulation study to test the effects of lighting systems on performance and well-being and the hypotheses concerning the linked mechanisms were confirmed. Later, Veitch, Newsham, and Jones [17] reanalysed the data reported by Boyce et al. [9] and built a conceptual model from a series of mediated linked regressions. The conceptual model is shown in Figure 1 and proposes two paths: the APPRAISAL PATH and the VISION PATH.
In particular, the appraisal path was the most strongly supported in their study. This path led from the appraisal of lighting quality toward judgements of the preference of the space. This, in turn, led to an improvement of mood (affect), which in turn predicted end-of-day physical and visual health and well-being. In the present study, health and well-being was defined as the sum of measured environmental satisfaction and perceived eyestrain. In summary, the appraisal path suggests that better perceived lighting quality results in better occupants' moods and well-being by affecting various psychological responses. Although the appraisal path shows a complete psychological pathway from lighting quality to occupants' health and well-being, it is still not clear what elements of lighting quality particularly affect each psychological response. Also, the effects of daylighting on employees' psychological responses were not considered in the study. Moreover, the study was conducted in a controlled experimental space, which might not represent the real world situation. The present study starts from questioning the above statements and expands the idea to analyse the possible cultural differences between the UK and South Korea regarding the role of perceived lighting quality on occupants' psychological well-being. The hypotheses proposed in the paper are as follows:
Hypothesis 1: There is a difference in the appraisal path between controlled and uncontrolled indoor environments.
Hypothesis 2: There is a difference in the appraisal path between daylit and non-daylit indoor spaces.
Hypothesis 3: There is a cultural difference in the appraisal path between the UK and South Korea.
Research Methods

Field survey
The study involved two field surveys which were conducted in London, UK, from 27 th July 2012 to Table 1 respectively. 
Respondents
Respondents were randomly selected during the field survey. In total 178 respondents took part in the field survey in London and Seoul. In both field surveys, customers who worked with their laptops after at least half an hour staying in the café were asked complete a questionnaire in order to provide enough adaptation time for the indoor luminous condition. From 27 th July 2012 to 9 th August 2012, a total of 66 respondents participated the field survey study in London. An overall 102 respondents took part in the field survey from 25 th September 2012 to 10 th October 2012 in Seoul. Table 2 demonstrates features of the respondents in this study. Respondents were given a four-page questionnaire regarding their experience and feelings in the cafes.
There was a total of 23 questions in the survey, which can be broken down into six groups: general information about the respondents (4 items), perceived lighting quality (7 items), perceived mood (2 items), perceived appearance (2 items), perceived environmental satisfaction with the physical environments (4 items) and perceived eye discomfort (4 items). Table 3 summarizes dependent variables used in the five categories (excluding the general information). Table 3 Dependent variables in the field survey.
Construct Dependent variables Label Scale
Lighting quality Reflection 
Variable definitions
• Lighting quality: Seven questions were asked of respondents to self-report their scale of perceived lighting quality by using a five-point Likert scale, ranging from "Strongly disagree" to "Strongly agree". The variables were chosen and modified from the Office Lighting Survey [19] .
Label: LQ_*
• Mood: Mood was assessed using the Affect Grid [20], which is a simple measure of pleasure and arousal. Label: MOOD_*
• Appearance: Self-ratings of attractiveness of the surrounding luminous environments by using a five-point Likert scale, ranging from "Not at all" to "Completely". Label: ATTRACTIVENESS
• Environmental satisfaction: Four questions were asked of respondents to self-report their scale of perceived satisfaction level by using a five-point Likert scale, ranging from "Not at all" to "Completely". Label: SAT_*
• Eye Discomfort: Four questions asked respondents to self analyse their symptoms of eye discomfort by using a five-point Likert scale, ranging from "Not at all" to "Completely". Label:
DISCOM_*
All the dependent variables measured were tested and were shown to have high enough internal consistency reliability for the use of statistical analysis (Cronbach's > 0.8).
Statistical analysis
In this study, multiple regression analysis was used to define the appraisal paths. This is a logical sequence of multiple regression analyses used to examine whether the influence of one variable (X) on another (Y) is partly or wholly explained by the influence of X.
The normality of response distribution was tested using Kolmogorov-Smirnov. For non-normal distributions of responses, the Mann-Whitney and Kruskal-Wallis tests were used to identify the difference and correlations between variables. For nominal-scale data, dummy regression analysis was used to test associations between variables. In interpreting the findings, three indicators were used as follows:
• The statistical significance of the regression analysis, using p<0.05 as a criterion;
• The percentage of variance explained (adj. R 2 ), using Cohen's guidelines for small (1%), medium (9%) and large effects (25%) [21];
• The unstandardized regression coefficient ( ), to compare the size of the effect of X on Y.
The software package SPSS 20.0 was used for all the statistical analyses in this study.
Results
For convenience, the appraisal path developed by Veitch et al. [17] has been extracted from the linked mechanisms map and is shown in Figure 3 . The dependent variables explored in this study are shown together with the relevant items on the appraisal path. There was a cross-cultural difference found in this matter. Table 5 shows the result of the same analyses in the case of Seoul. Perceived reflection was the only factor, affecting perceived comfort level. 
Appraisal paths under
Appraisal paths under the non-daylit cafés
The same analysis methods were conducted for the non-daylit café cases in both London and Seoul. Here many of the elements of the appraisal path show strong correlations (see Figure 5(a) 
The appraisal path in Seoul, South Korea
Five strong correlations and two moderately strong correlations were found on the appraisal path (see Perceived comfort level was again found to be the most important factor of Lighting Quality that had most influence on other psychological variables. Therefore, multiple regression analyses were conducted in order to determine the factors of the luminous conditions that affected perceived comfort. Tables 6 and 7 show the results of multiple regression analyses between Lighting Quality variables and perceived comfort in London and Seoul respectively. It was found that brightness level was a strong influence (adj. R 2 =.451, p=0.002) on perceived comfort in London. Of statistical significance is that respondents who were satisfied with brightness level felt more comfortable with their luminous conditions. A similar multiple regression analysis was carried out to determine the factors of perceived comfort in Seoul and the result is shown in Table 7 . The analysis shows that, again, brightness level was the only factor that influenced perceived comfort. 
Discussion
This study has explored the correlation between lighting quality and occupants' health and well-being through analysis of the appraisal path obtained from two field surveys.
The results have shown large differences between the original appraisal path suggested by Veitch et al., derived from a controlled luminous environment, to those obtained in this study from uncontrolled indoor luminous environments. its subsequent effect on occupant health and well-being in indoor environments. In the daylit café, occupants are less sensitive to perceived lighting quality than in the non-daylit café where a strong correlation is demonstrated with health and well-being.
Based on the findings of this study, a few recommendations can be made to lighting designers, lighting industry professionals and researchers. Firstly, the study suggests different priorities when designing daylit indoor environments. For example, providing brighter indoor environments is likely to result in better moods, appearance and ultimately occupant well-being in non-daylit environments whereas the same approach might not be so effective in daylit environments. Moreover, proper evaluation and control of lighting systems is needed to reduce energy consumption in use while providing social and mental benefits to occupants.
Secondly, different guidelines are suggested based on cultural differences. The study demonstrates that the appraisal path differs between London and Seoul. For example, the study shows that better distribution of light and improved colour rendering is likely to increase perceived comfort in London.
These factors are not likely to increase perceived comfort in Seoul; here less discomfort glare is likely to increase perceived comfort level (in daylit environments).
In order to validate the findings more concretely, further field studies are recommended as the current study includes a few limitations. First, the results could be affected by the different layouts of the cafes and non-uniform illuminances on the working plane. Therefore, research that involves a variety of uncontrolled lit environments would be required to strengthen the results. Secondly, the study did not address the temporal sequencing of the data. All the variables in this study were measured in the same time block and therefore the appraisal paths that were found establish associations and not causal relationships.
Overall this study has demonstrated that the appraisal path in the linked mechanisms map can be a useful model for determining the effect of luminous conditions on occupant appraisal, preference, mood and health and well-being. The study has demonstrated that the appraisal path changes in character when comparing controlled lighting settings to uncontrolled settings (such as those found in the real world). Further lighting appraisal is distinctly different when comparing daylit indoor environments with those that are non-daylit. The study has also demonstrated a cultural difference in the appraisal path between the UK and South Korea and this would be worth exploring further with different cultural cohorts.
